To determine the optimum NPK dose for maximum cane and sugar yield, the field experiment was conducted at Sugarcane Section, Agriculture Research Institute, Tandojam , leaf area index, crop growth rate, dry matter, brix, pol, purity, commercial cane sugar, NPK accumulation and uptake in plant and ratoon sugarcane crops were higher with the application of 100% recommended fertilizer at 225-112-168 NPK kg ha -1 and 25% more than recommended fertilizer at 281.25-140-210 NPK kg ha -1 . The mean values of these both NPK levels were statistically non-significant. However, all inadequate applications beyond recommended applications significantly recorded less values of all traits of sugarcane plant and ratoon crop.
Introduction
Sugarcane (Saccharum officinarum L.) has a great importance over the cash crops of Pakistan. The country is the world's fifth largest producer of Sugar in acreage and 15 th largest producer of Sugar [1] .The sugar industry is the country's second largest agroindustry after textile. In addition to sugar, cane is employed in the production of alcohol for pharmaceuticals ethanol for fuel, baggase in paper and chip board manufacturing and press mud used as a rich source of organic matter and nutrients for crop production [2] . There are many reasons for low yields of sugarcane and low sugar recovery. Thus improved yield per acre may be achieved by the introduction of new high yield varieties of sugarcane. Use of NPK fertilizers play key role in development of cane and sugar yields, but imbalanced fertilizer use seems to be one of the factors responsible for the constantly low cane yield in Pakistan. The proper fertilization is an important management tool for a healthy sugarcane crop to enhance sugarcane production significantly. Sugarcane is known as a heavy feeder crop that depletes the soil of essential nutrients and therefore, adequate nutrient addition is important [3] . Nitrogen constitutes only a fraction of one per cent of the total dry matter of a mature sugarcane plant, as it plays a role as important as C,H and O, which together, form more than 90 percent of the dry matter. Sugarcane stores a higher percent of sucrose when nitrogen is limited for 6 to 8 weeks prior to harvest [4] . Proper fertilization is an important management function in sugarcane production [5] . Thus, it is necessary to supply sugarcane crop with the big three (N, P and K) to secure good cane quantity and quality. The chemical source of fertilizer (NPK) at the rate of 225-112-168 kg ha -1 proved to be more effective to produce significantly greater plant height and thicker cane girth, more tillers, better brix, higher sugar recovery and maximum cane yield ha - . There is no consistent statistically significant interaction shown to exist between N and K fertilization; however, inputs of N and K must be balanced to optimize sugarcane production [7] .For high yield and good juice quality, K fertilizers are required in amounts equal to or greater than N and P. In most sugarcane producing countries of the world, NPK ratios of 2:1:3 or 2:1:2 or 3:1:5 are commonly used [8] . N strongly stimulates growth, expansion of sugarcane canopy and interception of solar radiation [7] to primarily produce more mill able cane, a large amount of K is needed as an osmotic solute to maintain the necessary cell turgor to drive this N-stimulated growth [8] ), slightly alkaline pH (7.8), calcareous (CaCO 3 9.8%), low in organic matter (0.8%), total nitrogen content (0.04%) and available phosphorus (3.8 mg kg 
Cultural practices Seedbed preparation
The land was initially ploughed to eliminate the hard pan with disc plow .The soil was left to dry for 15 days. After crushing the clods, dry weeds and stubbles were removed. The precise land leveling was done to achieve fine seedbed, followed disc harrow and rotavator used to complete the seedbed preparation. A ridger was used to develop ridges at 100 cm distance.
Planting time and method
During the 2 nd week of September the crop was planted manually and the sets bearing 2-3 buds of sugarcane variety Thatta-10 were placed in the furrows (end to end) and covered with thin soil layer . In each column, means followed by common letter are not significantly different at 5% probability level. In each column, means followed by common letter are not significantly different at 5% probability level. In each column, means followed by common letter are not significantly different at 5% probability level. In each column, means followed by common letter are not significantly different at 5% probability level.
Figure 1: Effect of inorganic Fertilizer levels on quantitative and qualitative traits of Sugarcane crop Irrigation
After completion of the sowing process, a light irrigation was applied in furrows. Consequently, the irrigation water was applied at 15 days interval in winter and at 8-10 days interval in summer months. Overall, twenty five irrigations were applied during the growing season. Fertilizer Nitrogen, phosphorous and potassium were applied according to the experimental treatments in the form of Urea, DAP and SOP. Nitrogen was split applied in three equal doses i.e. at sowing, after germination and at tillering. All phosphorus and potash were applied at sowing in plant cane. However, in ratoon crop, Phosphorus and potassium were applied after stubble shaving, followed by inter-row cultivation; whereas nitrogen was split applied during 1 st and 4 th irrigations, and after completion of tillering.
After care
Two earthingup (putting soil on root zone) were carried out in plant and ratoon crops. The interculturing was done to control the weeds and stem borer infestation was controlled through, biological control measures by releasing Trichogramma chilonis (Lshii) in the fields. For combating the termites, Lorsban was applied at the rate of 5 L ha -1 with 1 st irrigation.
Results and Discussions Effect of inorganic NPK on agronomic traits of plant and ratoon crop
The analysis of variance for all agronomic traits of sugarcane plant and ratoon crop as affected by inorganic NPK levels showed significant difference at 5% probability level except germination which was non-significant. The results of the study revealed maximum tillers plant -1 (5. ), (3017 gm -2 ) in plant and ratoon sugarcane respectively, were observed in control plots where no fertilizer was applied (Table-2) . Effect of inorganic NPK on qualitative traits of plant and ratoon crop All the qualitative traits of sugarcane plant crop as affected by inorganic NPK levels showed statistically significant difference at 5% probability level. The results of the study revealed maximum brix (22.63-22.83 %), (23.16 %), pol (18.92-19 .09 %), (19.22-19 .37 %), purity (83.60-83.61 %) , (82.90-83.67 %) and commercial cane sugar (13.66-13.77 %) , (13.79-13 .98 %) with the application of 100% recommended fertilizer at 225-112-168 NPK kg ha -1 and 25% more than recommended fertilizer at 281.25-140-210 NPK kg ha -1 from plant and ratoon sugarcane, respectively. The mean values of both NPK levels were statistically non-significant.
However, all inadequate and or excess applications beyond these doses significantly recorded less value of all the qualitative traits of sugarcane plant and ratoon suagrcane crop. The minimum brix (20.63 %),(20.80 %), pol (15.67 %),(15.87 %), purity (75.95 %),(76.03) and commercial cane sugar (10.52 %), (10.70 %) were found in where no fertilizer was applied to the plant and ratoon sugarcane, respectively during growing season, except fiber (12.28 %), being higher in control plots where no fertilizer was applied and or in the plots where higher NPK fertilizer levels were applied (Table-3 ) . Effect of inorganic NPK on nutrient concentration and uptake in plant and ratoon crop Statistical analysis of variances for nutrient (NPK) concentration and uptake in leaves of sugarcane plant crop as affected by inorganic NPK levels showed significant difference at 5% probability level. The results of the study showed maximum concentration of N (1.36%), P (0.37%) and K (1.63%) with N uptake (131.50 kg ha (Table-4 ).
Conclusion
In this study the all the agronomic, physiological, quality and nutrient uptake traits in plant and ratoon sugarcane crops were proved higher with the application of 100% recommended fertilizer at 225-112-168 NPK kg ha -1 and 25% more than recommended fertilizer at 281.25-140-210 NPK kg ha -1 . The mean values of these both NPK levels were statistically non-significant. However, all inadequate applications beyond recommended applications significantly recorded less value of all traits of sugarcane plant and ratoon crop. Further increase in NPK rates showed non-significant differences for these traits. However, inadequate and excessive applications of NPK fertilizers are neither economical for the farmer and nor eco-friendly, hence the fertilizer at 225-112-168 NPK kg ha -1 is best suited for getting optimum sugarcane yield from the variety Thatta-10.
